An explanation of the observed improvement in H-mode pedestal characteristics with increasing core plasma pressure or poloidal beta, pol  , as observed in MAST and JET, is sought in terms of the impact of the Shafranov shift,  , on ideal ballooning MHD stability. To illustrate this succinctly, a self-consistent treatment of the low magnetic shear region of the ' '   s stability diagram is presented using the large aspect ratio Shafranov equilibrium, but enhancing both  and  so that they compete with each other. The method of averaging, valid at low s, is used to simplify the calculation and demonstrates how  ,  , plasma shaping and 'average favourable curvature' all contribute to stability.
Introduction
Tokamak performance in H-mode is strongly dependent on the characteristics of the edge pedestal, namely its steepness and width. These determine an effective edge temperature at the top of the pedestal and experiments show that the central plasma temperatures increase as this edge temperature increases [1, 2] . There is experimental evidence, e.g. from DIII-D [3] , JT-60U [4] , ASDEX Upgrade [5] , JET [6] and MAST [7] , that this effective temperature increases as the core plasma pressure, or poloidal beta, pol  , increases. Although this might appear to be a somewhat circular argument, though possibly a 'virtuous circle' [8] , the experiments on MAST [7] , for example, have clarified what is cause and what is effect. These experiments have used the sensitivity of H-mode access to the magnetic configuration to maintain the plasma in L-mode while the core beta is increased by additional heating. The magnetic configuration is then changed, allowing the plasma to make a transition to H-mode. Examination of the resulting pedestal shows that its characteristics have improved with the increase in the core beta. These changes appear to be related to improvements in the ideal MHD stability [9, 10] , such as to peeling-ballooning modes [11] . The purpose of the present work is to explain the origin of this in terms of basic tokamak equilibrium concepts, namely the effects on the familiar The stability against high-n ballooning modes is usually investigated in full toroidal geometry, but with the stability boundaries being described in terms of a normalised pressure gradient parameter, ' ' , and plasma current density, j , or equivalently the magnetic shear, s , local to the magnetic surface being analysed. However this description hides other potential equilibrium dependencies such as on the Shafranov shift, ) (r  , which is a consequence of the global pressure profile, i.e. the plasma beta,  , and the surface shape (e.g. ellipticity,  ). A role for the Shafranov shift has been proposed [9, 12] , but it is not readily separable from other potential causes. In order to understand these aspects it is useful to develop a model ballooning equation that explicitly contains such parameters, so we need to consider an analytic, tokamak equilibrium. We take the large aspect ratio consistently assume concentric circular magnetic surfaces [15] .
In order to investigate the effect of  on ballooning stability we consider a somewhat different modification of the Shafranov equilibrium in which the pressure gradient is enhanced globally, rather than locally. We also consider the limit of small magnetic shear, which simplifies the analysis by allowing a two-scale approach [16] , but clearly shows the impact of the effects of finite  on ballooning stability. An optimal ordering is adopted that allows competition between 
This allows the surfaces to remain circular in leading order, but to be self-consistent they must have some ellipticity at a level that is driven by  . We also allow for the possibility of an imposed ellipticity at the plasma boundary, parameterised by E(a), at a comparable magnitude. Higher harmonic shaping such as triangularity is found not to contribute at low magnetic shear.  and E involving the effects of  so that we can explicitly examine the effect of  on ballooning stability.
MHD Ballooning Stability at Low Shear
The high-n, ideal MHD ballooning equation in general geometry is [17, 18] 
Here 
At this point we introduce the ordering (1), with the two scales 
In next order  . 
Since we shall see that 
Equilibrium Quantities for the Ballooning Equation
It remains to evaluate the geometrical quantities in eqn. (7) . To do this we use the Shafranov equilibrium, expressed in co-ordinates
, r through the representation [13]     
We note that we have measured the angle  from the inboard side of the tokamak. Although the surfaces are taken to be circular one finds that the equilibrium pressure forces a small amount of ellipticity, parameterised by ) (r E  , and triangularity,   r T  , which can be removed at a given surface by applying external shaping but necessitates a local gradient and curvature of ) (r
The function ) (r P  merely allows one to re-label surfaces; for the moment we have differentiated between the radial co-ordinates r r  and but we shall choose the function ) (r P  later such that they can be identified and will from now on ignore the distinction.
We write where we ignore terms small in  . We can integrate eqn. (17) to obtain ) (r  . Since our ballooning analysis is applied near the plasma edge we effectively require ) (a  which is given by
where pol  is the poloidal  of the plasma and i l is the internal inductance per unit length of the plasma column. Thus we see that  is a parameter representing the global plasma  and is distinct from the parameter  , which only represents the local pressure gradient. For more precise calculations we should use 
The straight field line angle
The radial co-ordinate r is defined as [19] : 
To compute 
It remains to replace    r and E r   from eqns. (16) - (18) . These are given by: , we obtain
The 'Averaged' Ballooning Equation
We are now in a position to develop eqn. (14) 
We can readily evaluate
Equation (11) then yields 
By integrating by parts we can then evaluate It is interesting to consider the large u limit: 
yielding the Mercier criterion for stability [21] :
which we can write in the standard form: 
The criterion (50) exhibits the contributions of various effects to stability of Mercier modes: the first term is that of magnetic shear, s, the second represents favourable average curvature when q > 1, the third is the explicit contribution of the Shafranov shift,  , while the last term arises from ellipticity, E, and its radial gradient, E .
Ideal MHD Ballooning Stability
We now investigate the marginal stability curves corresponding to solutions of eqn. E , which has a direct effect through the shaping but also through E which itself responds to  . A fully self-consistent treatment requires all these effects to be included, but it is instructive to consider their effects sequentially.
In Fig. 1 we show the effect of To address the complete problem we must first determine E E  and , which involves a global solution for these quantities. In this ordering these are obtained from solutions of the equation 
In our illustrative calculations we take simple global pressure and safety factor profiles of the form 
. In Fig.3 we show radial profiles of
for several values of ˆ : in Fig. 3(a) we choose   0  a E , the circular boundary case as a reference, while in Fig. 3(b) we set   69 
Conclusions
The confinement properties of tokamaks depend on the H-mode pedestal characteristics and there is experimental evidence that these improve with plasma pressure. High-n ideal MHD ballooning modes, which may serve as an indicator for the effect of the more relevant kinetic ballooning modes, are believed to play a role in defining the pedestal properties. However, simple analysis based on the   s stability diagram assumes that only the local pressure gradient, not the global pressure, or  , matters.
In this paper we have explored the impact of plasma  , as mediated through the Shafranov shift,  , for example, on stability. We employ a Shafranov equilibrium, but one in which the pressure is enhanced globally to allow  to compete with  , whereas in the   s equilibrium calculation one only enhances  locally. This means that we also have to consider the effect of plasma ellipticity, parameterised by E, since it too responds to  . We also include the stabilising effects of favourable . Finally, we note that increasing  leads to increasingly Mercier stability, as shown in Fig. 5 .
In summary we find that increasing  has a stabilising effect on the   s diagram through its impact on the Shafranov shift,  , and ellipticity parameter, E, providing a potential explanation for the experimental observations that the pedestal characteristics pertaining to tokamak confinement improve with increasing plasma pressure, even if the local pressure gradient is unaffected, and complementing studies with full MHD stability codes.
Appendix: Details of the Derivation of the Averaged Ballooning Equation. (45).
In this appendix we provide more detail on the derivation of eqn. (45). First we evaluate the quantity 
